Abstract. Recent genome-wide single nucleotide polymorphism (SNP) association studies (GWAS) have identified a number of SNPs that were significantly associated with coronary artery disease (CAD) and myocardial infarction (MI). We tested for replication of the previously described association with CAD in our case-control datasets of SNPs variants located at 1p13.1, 2q33.1, 10q11.1, 9p21, and 21q22. We observed a small significant risk associated of the SNP rs10757274 with CAD in the PROCAGENE study. Besides, the multilocus combination rs10757274 and rs1333048 gave a near significant result. We confirmed that the SNP rs10757274 showed association with CAD in the PROCAGENE study, although after applying the Bonferroni correction was not longer significant. Independent replication studies in other populations are needed to unequivocally confirm the association.
Background
Recent genome wide association studies (GWAS) have shown a consistent association of single nucleotide polymorphisms (SNPs) with coronary artery disease (CAD) and myocardial infarction (MI) in new chromosomal regions mapped at 1p13.1, 2q36.3, 9p21 and 10q11.21 [21, 22, 27, 34] . The SNPs located at the 9p21 region have been successfully replicated in Europeans [31] and also have been associated with abdominal aortic and intracranial aneurysms, arterial stiffness and coronary calcium [8] . The signals in 9p21 reside in a region near CDKN2A/B genes encoding p16INK4a and p15INK4b, both are cyclins which are involved in 1 These authors equally contributed to this work. * Corresponding author. E-mail: frodesp@gobiernodecanarias.org. cell proliferation, aging and tumor suppression [34] . Other GWAS found SNPs associated which are located in other relevant genes to the atherosclerotic process that underlie CAD. However, many independent replication studies in other populations are needed to unequivocally confirm the GWAS association. Here, we carried out a genetic case-control study in subjects from Gran Canaria, Spain, with the aim to replicate in this population SNPs previously associated with CAD and MI in GWAS studies.
Methods

Study population
During 1996-1998, coronary artery disease (CAD) patients and matched controls from Gran Canaria pop-ISSN 0278-0240/12/$27.50  2012 -IOS Press and the authors. All rights reserved ulation were collected for a genetic study named PROCAGEN [26] . A case was defined as an individual with a diagnosis of MI or unstable angina pectoris, as well as evidence of CAD by coronary angiography. All incident cases were recruited during study period. A control was defined as an individual who had not suffered cardiovascular disease and was matched to cases by age and gender. All individuals were of Canary/Spanish ancestry, defined by being born in the Canary Islands or to have Spanish parents who have resided in the islands for over 10 years. Clinical variables measured were: body mass index (BMI), blood pressure, glucose, serum creatinine, total cholesterol and its fractions, triglycerides, homocysteine and urinary albumin. The study was approved by our institutional research ethics committee, and informed consent was obtained from all participants. All study participants were written informed about the future use of DNA samples for further genetic determinations. Researches were carried out in compliance with the Helsinki Declaration (http://www.wma.net/es/30publications /10policies/b3/). The detailed characteristics of the participants of PROCAGENE study have described previously [26] .
SNP selection and genotyping
Single nucleotide polymorphisms were selected from GWAS (http://www.genome.gov/gwastudies/) studies reported to be associated with CAD or MI. Studied variants had minor allele frequency > 10% according to data from HapMap European population (CEU) and specific articles. All subjects from whom DNA samples were available were expected to be genotyped for the rs1333049, rs10757274, rs599839, rs9982601, rs6725887 and rs501120 genetic variants. For each studied SNP we designed a PCR-RFLP that generates a recognition pattern distinguishable in agarose gels. This task was carried out using DNA sequences flanking the SNP from dbSNP, and the software Primer3 version 0.4.0 (http://frodo.wi.mit.edu/primer3/) to design specific primers, and the software GeneRunner (http://www.generunner.net/) and Webcutter 2.0 (http://bio.lundberg.gu.se/cutter2/) for selection of restriction endonucleases. Because of three SNPs had no recognition sites for restriction enzymes, we looked for tagSNPs in linkage disequilibrium with them. We selected those at the minimum physical distance from the SNP of interest, exploring up to 14 kilobases and ensuring that the chromosomal region of tagSNP belongs to the same gene. This task was performed with the HapMap Genome Browser (http://snp.cshl.org/), Release 24 Phase II, tag SNP data, and the configuration restrictions: r 2 > 0.9, minor allele frequency (MAF) > 0.1 in CEU, algorithm Tagger pairwise. After that, we designed a PCR-RFLP as described above. The characteristics of SNPs genotyped, their primers and restriction enzymes are detailed in Table 1 .
The PCR reactions were prepared in a final volume of 15µl with the following conditions: 200µM dNTP, 10% DMSO, 1.5 mM MgCl2, 0.5µM primers, BSA 0.8µg/µl, 0.5U Taq DNA Polymerase from Bioline and 100ng of genomic DNA. Amplification steps were an initial denaturalization step of 95
• C for 4 minutes followed by 35 cycles of 92
• C for 30 seconds, primersdependent specific Tm annealing for 30 seconds, and 72
• C for 15 or 30 seconds; a final extension step was done at 72
• C for 7 minutes. Digestion with specific restriction enzymes (NEB, USA) was carried out overnight following conditions from the supplier. All products were visualized by electrophoresis in agarose gels.
Statistical analysis
Allele and genotype frequencies, Hardy-Weinberg equilibrium and linkage disequilibrium in cases and controls separately were estimated via Pypop software version 0.7.0 [14] . Comparison between cases and controls for quantitative variables was performed by Student-t test or Wilcoxon multiple range test depending on statistical distribution. Qualitative variables were compared by chi-square test. Statistical association of the SNP with susceptibility to CAD was tested by odds ratio with 95% CI. A p value < 0.05 was considered to be statistically significant. Bonferroni correction reduced this value to p = 0.008 (0.05/6). Most of the analyses were performed using the statistical package SPSS version 15.0 unless otherwise specified.
In order to detect gene-gene interactions that predispose to disease we used MDR (Multifactor Dimensionality Reduction) software version 2.0 beta 8.2, freely available at http://www.epistasis.org/ [9] . MDR is a non-parametric and model free method that labels multilocus genotypes to high or low risk categories if the ratio of cases/controls in each contingency table cell exceeds some threshold or not. The data are subjected to cross validation by random division into a training and testing set, the model is developed for each 9/10 of individuals and used to predict disease status in the remaining 1/10, then, the selected combination of loci is the one that maximizes balanced testing accuracy and cross validation consistency. Permutation testing is performed to calculate the statistical significance associated to testing accuracy. We used the default settings and repeated the analysis 10 times with different random seeds to avoid biased results. Multiple comparisons correction is not necessary for MDR because use of permutation testing to estimate p-value [25] . Statistical power was estimated using Quanto software version 1.2.4 downloaded from http://hydra.usc. edu/gxe specifying the following parameters: frequency of risk alleles in controls, unmatched case-control study, and hypothesis gene only, N = 281 pairs, population risk (Kp = 0.0021), significance 0.008 and one sided test, genetic models (dominant, recessive and additive). Kp = 0.0021 is the global incidence rate of coronary events reported in the MONICA study (210 per 100 000 individuals). Based on the power analyses we had on average ∼63% power to detect a genotype relative risk of 1.5 at an alpha level of 0.008 for variants with a minor allele frequency 10%. If all variants were considered the study was unpowered. Multiple comparisons were also corrected by the false discovery rate (FDR), based on the method of Benjamini and Hochberg [2] . To this end q-values were generated from p-values obtained to evaluate the hypotheses of SNP association with phenotypes of interest by using the program QVALUE [32] downloaded from http://www.bioconductor.org and assuming 10% of FDR.
To assess the independent variable predictor ability for CAD, we performed multiple logistic regression analysis. First we made exploratory analysis by backward stepwise regression and tested which coefficients were significant for inclusion or elimination from the model by applying the Hosmer-Lemeshow Goodnessof-Fit Test. As discussed above, some quantitative variables were seen significantly altered by drug treatment or provided redundant information. Those variables were excluded from the constructed model. The model included the classical risk factors whether they differed in univariate analysis with significance as well as those that attained statistical significance in the univariate analysis as well as genotypes. Models were performed coding genotypes according dominant, recessive or additive effects. The contribution of analyzed genotypes and reported CAD risk factors in predicting the dependent variable (coronary event) when all other independent variables were allowed for was expressed as an OR with 95% CIs. All the categorical variables were transformed in dummy variables, taking the value 1 for the presence of the characteristic and 0 for its absence. Taking a cut-off point of 50%, the model with the lower percentage classified correctly 83.3% of individuals. A second group of models are built using only the genotypes coded for dominant inheritance models, recessive or additive and including interactions. In these variables the phenotypic inclusion meant a loss of statistical power and the percentage of overall explanation. 
Results
Study patients, lifestyle and cardiovascular risk factors
As can be observed in Table 2 , mean age values, body mass index (BMI), systolic blood pressure (SBP), total homocysteine concentration (tHcy) were homogeneous in our sample. Similarly there were not differences in the frequency of heavy drinkers and the percentage of sex composition between groups. Diastolic blood pressure (DBP), total cholesterol, triglycerides, HDLcholesterol, LDL-cholesterol and fibrinogen had significant minor levels in coronary artery disease (CAD) patients with respect to healthy control subjects. This pattern it's thought to be because of the efficacy of antihypertensive and antilipidemic medication in our sample [26] . However, Lpa levels and the number of smokers, hypertensive and diabetics were significant higher in cases versus controls.
Genotypes and association with CAD
All evaluated SNPs except rs1333048 were found to be in Hardy-Weinberg equilibrium in controls. The relative frequencies and association status for different genetic models of the SNPs genotyped are shown in additional Table 3 . The unique SNP statistically associated with CAD was rs10757274 with an unadjusted OR of 1.59 (1.01-2.49) for the dominant model. However, this association did not resist either Bonferroni or FDR correction for multiple testing. No significant differences between genotypes were observed among cases and controls for the other polymorphisms. Pypop software showed that SNPs rs10757274 and rs1333048 were in linkage disequilibrium both in controls (D' = 0.807, W n = 0.647, p < 0.001) (r statistic = 0.6474; p < 0.001) and cases (D' = 0.967, W n = 0.812, p < 0.001) (r statistic = 0.8126; p < 0.001), as could be expected due to their proximity in 9p21 (22,086,045 and 22,115,337 base pairs respectively).
As distinctive of our sample with respect to European HapMap population (CEU), we did not observe the genotype AA of the rs1333048 and we did observe the genotype CC of rs671765, both polymorphisms are tagSNPs of rs1333049 and rs501120 respectively. In opposition to the absence of genotype CC (rs671765) in CEU population, its presence in our sample might be explained by genetic flow from subSaharan Africa based on genotype frequency (0.22) of African HapMap (YRI) population.
By means of Multifactor Dimensionality Reduction (MDR) software the best combination obtained was rs10757274 and rs1333048 ( Fig. 1) with both maximum testing balance accuracy (0.567) and cross validation consistency of 10 which correspond to a p-value in the range of (0.049-0.05) from the permutation test. Other combinations were found not significant. We based this finding primarily on a testing balanced accuracy > 0.55, secondly on a cross validation consistency of 10 and a p-value near significance. In addition, its graphical model shows that distribution of high and low risk genotypes vary across cells and the dendrogram placed both SNPs in the same branch with red color indicating the informativeness of the analysis done with the MRD method to detect such interaction even considering that the inclusion of SNPs that are highly correlated may lead to unstable results. This is because highly correlated SNPs may compete for the best predictor. By using logistic regression we found that models provided a good overall fit of about 83% and identified an associated risk for variant rs10757274 in a dominant mode of inheritance of OR: 2.074 (1.059-4.067). To note that for the remaining evaluated SNPs, we found a modest risk on the threshold of significance. Age, gender, tobacco consumption, alcohol intake, Lpa levels, diabetes and the total cholesterol to HDL-cholesterol levels were all statistical significant predictable variables in analyzed models. In an attempt to approach the evaluation of two causal loci, logistic model were evaluated for interactions. We found that the interaction was significant when genotypes were codes in a recessive form for the SNPs rs10757271 and rs1333048 but showed an imbalance between the certainty of the estimate and the width of a confidence interval 13.428 (3.113 to 57.919).
Discussion
We tested for replication of the previously described SNPs to be associated with coronary artery disease (CAD) in our case-control datasets for SNPs variants located at 1p13.1, 2q33.1, 10q11.1, 9p21, and 21q22. We have shown that only a small significant effect was found for the rs10757274 variant under dominant inheritance model. The associated risk with the rs10757274 variant was determined using new bioinformatic approaches and through logistic regression. We also observed by using Multifactor Dimensionality Reduction (MDR) software that the best multilocus model fit with variants located at the 9p21 chromosome region. Interestingly interaction was also detected by logistic regression analysis.
The Spanish rate of CAD is located among the lowest in Europe [3] . However there are important differences between territories being insular regions which possess the higher rates. Among the Canary Islands, CAD prevalence is particularly high Gran Canaria. The present Canarian population is the result of successive European settlements formed through successive waves with a drastic effect on the original Aboriginal population of Berber origin [17] . Although previous studies have demonstrated the presence at low frequencies of Berbers alleles in this population [24] , a general consensus today is to consider that it is a European population. We and others have also found the absence of stratification so that the Canarian population is also considered genetically homogeneous [18] .
Genetic association studies in this population have attempted to assess the relevance of the association of certain genetic variants in genes involved in the maintenance of vascular homoeostasis, lipid metabolism or oxidative stress and vascular disease [6, 10] . However, for the most of the studied variants risk allele frequencies were found not to be significantly different to those obtained in other studied populations were association was found not to be replicated. This is thought to occur mainly because the lack of statistical power in small case-control studies. The development of high-density genotyping arrays now provides improved resolution for an unbiased genome-wide assessment of common variants associated with common diseases. Several GWAS have found a consistent association of several chromosomal regions with CAD and MI. However, given the polygenic nature of complex traits, selection may exert its influence on them by altering allele frequencies at many associated loci, a possibility which has been recently explored [7] . The most replicated signal obtained from GWAS is located at 9p21.3, near to tumor suppressor genes CDKN2A and CDKN2B [4, 5, 13, 27, 29, 31] . Interestingly associations are independent of other cardiovascular risk factors. Based on a meta-analysis, 25% of Europeans have 2 copies of the rs1333049 risk allele, which results in an increase of 1.6 of the risk of CAD [29] . The SNPs rs10757274 belongs to the same chromosomal region (9p21.3) of rs1333049. The risk allele (A) of rs599839 is associated with low expression levels of SORT1, high LDL-cholesterol and increased risk of CAD. SORT1 is a multi-ligand receptor that binds RAP (receptor associated protein LDL), lipoprotein lipase and apolipoprotein AV [15] . We evaluated without finding a possible association with CAD of SNPs located on other chromosomes. The rs501120 is located upstream of the CXCL12 gene (factor-1-derived stromal cells) at 10q11.1 and encodes a chemokine with a central role in tissue regeneration and angiogenesis in ischemic heart disease through endothelial progenitor cell recruitment [27] . The signal from the SNP rs9982601 is located in SLC5A3 in the 21q22 region, a gene whose function is to transport Na + and myo-inositol in response to hypertonic stress [22] . The rs6725887 is placed at the WDR12, a component of a nucleolar protein complex that affects maturation of the large ribosomal subunit [22] .
Here we observed that according to our statistical power study by means of Quanto, the additive genetic model will allows a stable detection of genetic effect for all SNPs at odds ratio (OR) values in the interval 1.34-1.61. The dominant and recessive models are affected for high and low risk allele frequencies respectively. However, with the exception of rs10757274 (dominant model) in single gene analysis we were unable to replicate the previous association results. Moreover when we applied the Bonferroni correction for multiple comparisons even this small significant association disappeared.
We intend to detect multilocus effects in our sample using the MDR, this sofware has identified genegene interactions in cardiovascular diseases as hypertension [28, 36] , atrial fibrillation [35] , coronary artery calcification [1] , myocardial infarction [19] and thrombotic stroke [30] . MDR was run with different random seeds to detect a true signal independent of how divided the data, although near significance (p-value: 0.049-0.05) the best multilocus combination we found was composed by rs10757274 and rs1333048, these SNPs are in linkage disequilibrium in our sample, and as discussed rs10757274 shows statistical signification before applying multiple comparisons correction.
However, given the weak association obtained the described interaction as well as is biological plausibility our study trend to reaffirm the role of 9p21 zone in the predisposition to CAD. The biological pathway that connect this region with CAD has not been established, but presumably could be due to the participation of the tumor suppressor genes CDKN2A/B that control cell cycle and/or through the ANRIL, a non coding antisense RNA located near from the above genes [23] . Several studies using real time-PCR have shown that expression levels of these three genes are co-regulated and several transcripts of ANRIL are increased in risk allele homozygotes versus the homozygotes for the reference allele, and associated with atherosclerosis severity in blood and carotid plaques [11, 12, 16] . Also, it was demonstrated that senescence of smooth muscle from coronary endarterectomy is associated with high protein levels of CDKN2A (p16) measured by WesternBlots [20] . The implication of ANRIL in cellular aging has provided an attractive unifying hypothesis to explain its association with various susceptibility risk factors. Other underlying cause of association could be that CAD risk SNPs at 9p21.3 are in linkage disequilibrium with a causal variant in another chromosomal location.
Our study was initially designed for studying CAD in native Gran Canaria Island habitants. The original sample contained 619 subjects of which 304 were cases and 315 were controls. Due to polygenic nature of CAD and even with such a small size, our replication study sample may still have a reasonable power to detect statistical significant association since all selected SNPs had an a priori minor allele frequency > 10%. Nevertheless, our study has limitations. First, the small size is still an important limitation, which may have limited the statistical power to detect association. Second, we only selected six SNPs in five loci associated with CAD and MI when at least 12 SNPs have been replicated to be associated with CAD and MI and third, in a recent large-scale study [33] , authors have identified 13 novel loci harboring one or more SNPs that were associated with CAD at P < 5 × 10-18 and confirmed the association of 10 of 12 previously reported CAD loci.
Conclusions
Our main conclusion was that SNP rs10757274 showed association with coronary artery disease in the PROCAGENE study, although after applying the Bonferroni correction was not longer significant. Besides, the multilocus combination rs10757274 and rs1333048 gave a near significant result. Taking into account our small sample size we consider these results as exploratory and preliminary, and follow up studies are required. Replication studies are important because they confirm a modest risk in genetic poblational series even with small sample sizes ensuring the certainty of the associations in different populations and the future reliability in the setting of cardiovascular risk equations.
